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We, Pullman Incorporated, 
don organised under the laws of the Stale 
of Delaware, United States of America, of 
200 South: Michigan Avenue, Chicago, State 
of Illinois, Untoed States of America!, do 
hereby declare the invention, for which we 
pray fthat a patent may be granted to us, 
and? the method toy which it as do be per- 
fanmed, .to (be particularly described in and 
by the fcMowing statement: — 

This mvention relates Do a process for 
polyh^ogenating am unsubstituted oar halogen 
substditaited! bydirocarbon containing at 'least 
one hydrogen? atom of the olefinic or anamati- 
ca% unsaturated type. 

The halogenation of hydrocarbons with 
oxygen or air and a 'hydrogen haiide in 
die .presence of a metal irfde cataiyst as a 
process of (primary importance dn die com- 
meraial production of (halogenated hydro- 
carbons of both, saturated and unsaturated 
types. The catalysts heretofore employed in 
(these halogenation processes are most usually 
baMdes of metals halving variable valences 
or oxy hailides of these meiais. As emjpiloyed 
in these reactions, die catalysts are usually 
deposited on soKd carriers such as painiice, 
various natural days, kieselgiihr, alumina or 
silica or any other aftotiornresistant carrier 
{material and 'the solid mass is employed 
its the cMorinationi of hydrocarbons, either 
dn a fixed offl moving bed or in a fluidSzed 
state in a reaction zone. 

The commercial success of these pro- 
cesses is due 'largely to the demand for fhafto- 
germed compounds containing from 1 to 6 
carbon atoms; however, there is a great 
need for improvement dn these (processes. 
For example, dt wouM be highly desirable 
to reduce the contact time normally asso- 
ciated with fixed bed operation, while elarni- 
Mfe difficulties associated with feiiddzed 
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solid operation such as catalyst attrition and 
catalyst vaporization: which appears to be 
more pronounced iwith hagjhry active cata- 
lysts. While the moving bed solves some of 
these difficulties, it & not without its own 
particular problems such as those derived 
from the mechanical transportation of cata?* 
iyst throughout a zone and die existence of 
"hot spots" in dhe catalyst bed The beat 
of reaction generated on the surface of die 
sold, (permits direct oxidation of die hydro- 
carbon to produce undesirable oxides of 
carbon- 

The more active metal haiide catalysts, 
such as, for example, copper cMamide are 
more volatile at required hoilogenation tem- 
peratures and thus, it is difficult to retain 
the catalyst in the system and (maintain the 
activity of the catalyst mass over an extended 
period of time. In? such systems the ver- 
nalized catalyst must be recovered by cor*- 
densatibn or other icnoublesome anethods end 
returned dn a supported state to the reaction 
zone. Thus, the economies of operating with 
flondized catalyst is poor In spdite of die 
feet tiiat such a system [provides better tem- 
perature control and bigj&er yield of product 
for a given period of operation. 

It ds also desired that the metal haM.de 
catalyst composition; be readiy regenerated 
and reused dn the cMardnatiott process. 

Li accordance with die pcresent invention 
there _ is provided a process for polyhalo- 
genating an unsubstiituted or halogenysubsti- 
tuced fbydrccaribon containing at least one 
(hydrogen atom off the olefinic or aTomatically 
unsatutttaited type which comprises (reacting 
the hydrocarbon with an aqueous composi- 
tion comprising an aqueous solution of cupric 
hahde or fenric haiide and as a pro m oter 
at deastooe jhailnde of a dtsshniar element, 
or a dissimilar valence state of the same 
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element, said element being capper, silver, 
gold, zinc, cadmium, mercury, boron, alu- 
mmum, gallium, indium, diatiaum, titanikim, 
zirconium, hafnium, vanadhim, niobium, tan- 

5 talum, chnioiitium, molybdenum, manganese, 
tungsten, icon:, rein, ibdsmuth, cobalt, car nickel, 
thee . concentration of the total hftfrwips an 
aqueous solution being between 0.0O1 mod 
per cent and 50 mcd per cent, .preferably 

10 between 10 mol par cent and 30 (mod .par 
.cent 

The catalyst composition may contain some 
of die haKde in suspension as well as in 
solution. 

15 H'alogenation reactions with such, halide 
catalysts can be carried- out at lower tem- 
iperatures than heretofore employed, for ex- 
ample, hafcgenation cf an olefin can be 
camried out at a temperature between 120° 

20 C and 180° C under pressure sufficient to 
maintain the catalyst liquid phase Brcsdly, 
for the purposes cf the present invention, 
the halogenation temperature employed may 
be as 'high as 350° C, particularly in cases 

25 where auomaticaMy (unsaturated compounds 
a/re rea ct ed. However, dt is to be understood 
that stiM highen temperatures can be em- 
ployed if desired, even diough die conversion 
to halogenated hydrocarbon is not measur- 

30 al>ly dmproved. It as found that at higher 
temperatures carbon dioxide is tfonmed in the 
reaction which lowens the selectivity of die 
present process in the formation of halo- 
genated product, and is (particularly decri- 

35 mental to the sdectivity of 1,2 - ddchlcro- 
ethane when ethylene is die bydrocadbon. 
Thus, die CO z formation should be main- 
tained below 5 per cent of die hydrocarbon 
feed The pressures employed in the balo- 

4u rgenation reactions can vary from atmospheric 
pressure up to 1,000 p.s.Lg. oc above, if 
desired; (however, hydrocarbon pressures 
within the range of between 20 p.sjLg. and 
300 p-sijg. are found to be most advanto- 

45 geous. 

The hydrocarbons suitable for die haio- 
genation reactions described 'herein include 
unsaturated aliphatic hydrocarbons such as 
ethylene, propylene, hutylene, butadiene, dso- 

50 prene, and hydrocarbons containing up to 
about 10 cairbon atoms dncludang isomeric 
types; and aromaticaMy oinsarturated hydro- 
carbons such as benzene, toluene, xylene and 
styrene. Of this group, die (preferred hydro- 

55 caribous are the olefins contaming from 2 to 
5 carbon atoms and benzene, and most pre- 
ferably, ethylene. Halogen-substituted hydro- 
carbons containing at feast one hydrogen atom 
of die above types are also suitably em- 

60 ployed in the present invention; of these, 
vinyl cManrde, mono-cMorabirtadiene, mono- 
cMoroisoprene, mono- and di-chloroeiihytesae 
and the corresponding brominated com- 
pounds are prefeaired. Most preferred, feow- 

65 ever, is vinyl cfeloride, 



Hie halogenation reactions referred to 
herein include cMcrmati.cn, bromination and 
icdination; although in the case of iodination, 
olefins are the hydrocarbons hatogenated. The 
most preferred reaction is that of chlotina- 70 
don. Accordingly, the hafere catalysts of 
the present (invention are preferably 
chlorides. 

As referred (to above, for the purposes of 
the present invention, the catalyst comprises 75 
two distinct components, namely the active 
catalytic (portion as the fifist component, and 
the promoting portion as the second com- 
ponent which may or may net be catalytically 
active, but which aids reaction by the attrac- 80 
lien and release of a hsiogen ion. The active 
catalytic portion, or first component, is either 
a cupric hahde or a ferric halide, preferably 
the chloride, and die promoting portion or 
second component is a dissimilar element 85 
halide, preferably where the valence of the 
element is variable, most preferably at least 
one chloride selected from the chlorides of 
bismuth, copper, cfaromhun, cobalt, iron, 
mercury, molybdenum, nickel,, tin, titanium, 90 
or vanadium It is to be understood, how- 
even, (that at feast one halide selected from 
the haiides of silver, gold, zmc, cadmium, 
boron, aluminium, gallium, indium, thallium, 
zirconium, hafnrum, niobium, tantalum, 95 
tungsten or manganese, or mixtures thereof 
can be suitably employed as the promoter 
portion of the catalyst. Within this group, 
most (preferred catalyst systems include 
cupric-cuprous chloride, ouprdc-fenric 100 
•chloride, and ferdc-<hiromic chloride. The 
mol ratio of cupric Mde or ferric halide to 
prcmoter an the catalyst composition is pre*- 
ferabiy between 0.01:1 and 100:1, on more 
preferably between 0.1:1 and 10:1. Ha^des 105 
of ruthenium, rhodium, palladium, osmium, 
iridium and platinum lower the selectivity of 
the halogenafed product in that they promote 
die formation cf oxygenated compounds. 
Compcunds of these elements are, t&erefore, 110 
excluded. 

In the chlorination of an olefindc hydrc- 
canbon, preferably having from 2 to 5 carbon 
atoms in the presence of an aqueous solution 
of one of die most preferred catalyst systems, 115 
the chlorination temperature is most rcrefer- 
abtfy between 125° "C. and 165° C, and 
the pressure employed is most preferably 
within the range of 60 p.s.ig. to 3(30 p.s.i^r. 
Generally, the chiomnation of saturated 120 
hydrocarbons requires a 'higher temperature 
with some degree of cracking. Therefore, in 
these cases, temperatures between 220° C. 
and 350° C are employed and for aromati- 
cally unsaturated hydrocarbons such as, for 125 
example, benzene, a temperature between 
180° C. and 300° C is preferably em- 
ployed. 

The cupric chloride or ferric chloride 
which is used as the active catalytic portion 130 
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of the catalyst to chlorinate a hydrocarbon or 
a hdogenated hydiocarbon die (metal of the 
cWcctode gives up a chlorine atom, attains 
a dower valence state and becomes cuprous 
■> chloride or ferrous chloride. This spent mix- 
ture, when the coneeniaataan; of die active 
catalytic {portion faMs bdxm 90 weight per 
cent of die orijgpnai cupric-or fi^c-chl ori de 
content in tie sdkrtion, as either iiemoved 

10 firoui the reaction zone and regenerated with 
hydrogen cModde and oxygen, or an oxygen- 
containinjg gas, to (restore die active cupric-or 
dernaocMcfride dn a separated QTegeneraticnt 
zone on as regenerated (within the reaction 

15 zone. In the 'latter case, die chilorination of 
the hydrocarbon- or ihakjgenated jhyckocarboni 
as carried out wadi die cupric*<3uprou5 
chloride catalyst solution simultaneously (with 
die oxygen and hydrogen cMoride regenera- 

20 <tion of die reduced metal chloride farmed. 
The hydrogen chlamde and oxygen an ire- 
generation are used to oxychlorinate the 
halide of tower valence state, which may be 
die catalyticaMy active component or (the 

25 promoter component 

As set (forth: afcove, the catedyst is dissolved 
dn water for more intimate contact with (ne- 
actants in the halegenation zone and as a 
irneans of conducting the ihaitogemtion tc&c- 

30 tion at dowen temperature, avoiding vapori- 
zation of catalyst. In addition to the advan- 
tage of being afo&e to conduct die halcgena- 
tion reactions of the present process 
at lower temperatures (thereby avoiding 

35 direct oxidation* of the bydrocarhon, die 
aqueous catalyst solution allows for better 
overarti temperature control dn the reactor 
which in (the case of ethylene chlarinatiort 
at fiom 125° C (to 165° C. results in high 

40 selectivity to the l,2^chloroethgne product, 
a valuable chemic&i compound and inter- 
mediate in the formation of other desirable 
compounds. The aqueous catalyst systems 
also result in the convers io n to Wogenated 
45 hydrocarbon at a fasted rate than heretofore 
obtainable. 

In the chtannation of ethylene or vinyl 
chloride in the presence of a most preferred 
catalyst system, for example, an. aqueous 

50 cnprio-cuprous chloride solution at a tem- 
perature not. in excess of 185° C, a high 
selectivity of conversion to l,2^chloroethaiie 
dn the case of ethylene or 1,1,2-tirichloio- 
ethane in the case cf vinyl chloride at least 

55 as high os 98 mol per cent based on cMori- 
nated product is obtamahle. The 1,2-di- 
chlcroetihane is a valuable intermediate in 
the manufacture of vinyl chloride by oyrolysis 
at 440° C. to 580° C of the saturated 

60 dicMorode and dee l 3 l^^chk>roethane is an 
tnteiuiieddate in the preparation of vinyl- 
ddene chloride by pynolysis at a (tempera- 
ture of 380° C to 600° C. and thus the 
iprocess using the catalyst of the present 

65 invention at a temperature below 165° C. 



finds particular oommercial vaihie dn the eco- 
nemtiflai synthesis of these unsaturated 
cMorides and: provides a new process wherein 
die (hydrogen cMoride produced by the pyro- 
tysb of the saturated compounds can be used 70 
to at least partially regenerate the catalyst 
solutions. It is to be (understood that addi- 
tional chlorine for legeneration purposes may 
be supplied as hydrogen; chteide or cMorine. 
The hydrogen cMoride concentration is 75 
limited to that required dbtn legesemtioa in 
order to avoid excess hydrogen chloride 
being present which- would lead to die for- 
mation of setihyi chloride in the case of 
ethylene cMoririatron. 80 

Another advantage of the present process 
employing die aqueous catalyst solutions ds 
.that an aqueous or dilute solution of hydrogen 
haiide can be fed to the reaction 1 zone in 
plaoe of the dried, highly concentrated hydro- 85 
[gen haiide employed heretofore. In the 
present process, excess water is vaporized 
&Dp the reaction zone by die heat of re- 
action (while a portion of that generated 
serves to maintain 4he water content of the 90 
liquid aqueous catalyst medium. It has also 
been found that with, the catalyst solutions, 
little or no hydrogen haiide ds present in 
die gaseous (reactor effluent, 

StiM another advantage of the present pro- 95 
cess is that tire vapor pressure of (the system 
can be controlled by die addition of certain 
inert sate such as, for example, sulfates of 
any cf the promoter metals mentioned above, 
e.g,, cupric sulfate, or ferric sulfate. When 100 
the vapor pressure of the catalytic solutions 
is reduced, adiabatic cotndidons can be 
achieved at -lower pressure at a given per 
cent conversion! per pass or at a given total 
pressure, a lower conversion per pass is 105 
(required. 

For a betten understanding of the (present 
invention, reference is now had to the accom- 
panying dirswings, wherein: 

PHgure 1 shows conditions for a single 110 
zone reactor-vregeneiator; 

Figure 2, for a separate reactor and re- 
geneaatorj and 

Figures 3 and 4 iMustrate specific embodi- 
ments of the process. ' 115 

Referring to Figure 1, it as found (that 
at a (given catalyst solution vapor pressure, 
eg. 20 p.s.ia. and a 10 per cent conversion 
per" pass (plotted on the Y axis), then the 
total pressure an the reactor which wouM 120 
be required is 47 p.si.a. (plotted oh the X 
axis). Wren the pressure ts 30 p.si.a., 21 
per cent conversion per pass would lave 
been reo^itred at the same reactor [pressure 
for adiabatic operation. " 125 

In ed similar manner, referring to Figure 
2, a 10 fper cent conversion per pass and 
a catalyst solution vapor pressure cf 20 
p.si.a., the reactor . pressure of 70 p.si.3. is 
required; however, at the same conversion 130 
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and a catalyst solution vapor pressure of 50 
p.s.ia., a reactor pressure of 175 p.si.a. as 
required for adiabatie operation. 

The apparatus used where the aqueous 
metal halMe catalyst solution is employed, 
should be composed of, or -Hned with, acid- 
resistant materials in order that the catalytic 
solution will not cause corrosion problems 
in die system. Fen example, gfess or ceramic- 
Honed equiipment as suggested as being both 
anexpensive and readily available for this 
type of reaction. 

•Figure 3 ifiustrates a process wherein 
ihatogemtdon and catalyst regeneration are 
carried out in separate zones, namely reactor 
3 and {regenerator 4. In this operation, air, 
an place of oxygen can ire used as the re- 
generation gas since die incuts associated 
•therewith- (eg. nitrogen and argon) con foe 
prevented from entering the reactor and caus- 
ing pressure (build up in the system. 

According -to die process of Figume 3, 
ethylene is introduced by means of valved 
(Peed irne 5 and recycle tline 6 (thereinafter 
described) into reactor 3 in contact with an 
aqueous solution of cupmc-cuprous chloride 
at a rate of 2 gram mob to 200 mds of 
ethylene per Sitter of catalyst solution per 
tour. By way of example, 10.0 gram mds 
per ihour of ethylene is fed per liter of 6 
Molar CuCfr— 2 Molar Gad catalyst in 
aqueous solution entering die reactor trrom 
Sine 7 at a temperature of 170° C. and 
under 225 (p.si.g. The vaporous reactor 
effluent containing cMorinated product and 
unreached components (eg. 1 gram mole per 
(later per ihour of l,2Hi«±lorosthane; 0.01 
gram and- per (liter per hour of monochloTO- 
ethane; 9.6 gram mols per liter per ihoum 
of ethylene;, and 4.7 gram mols per iiter 
per hour of steam) is withdrawn •from re- 
actor 3 (by means of dine 8 and passed 
to condenser 10 and then into decanting 
zone 12 wherein gaseous and (liquid phases 
are separated, at a temperature between 25° 
C. and 80° C. under from 90 p.s.ig. to 120 
p.si.g. or approximately the reactor pressure. 
In the present case, three phases are formed 
in the decantatkm zone, namely, a gaseous 
phase comprising ethylene and monochloro- 
ethane; a iHguid' water phase" and a "liquid 
l,2rC%Moiioethiine phase. The gaseous phase 
is withdrawn from the decanting zone at a 
rate of 9.1 gram mods per liter of catalyst 
per hour in reactor 3, passed through Hue 
14 and line 6 ihirough ipump 18 and recycled 
to reactor 3 as a part of die feed thereto. 
Hie aqueous liquid, phrase is removed fry way 
of ilirre 15 and discarded. The {liquid chlori- 
nated 'hydrocarbon pbase is withdrawn from 
ithe decaatation zone by means of line 20 
and passed (to cracking zone 22 wherein 
at a temperature of between 480° C and 
580° C, under from 0 p.sijg. to 100 vjs&g. 
(in the present case, at a temperature of 



550° G under 50 ps.Lg.), the 1,2-dicMoro- 
ethane is converted to vinyl chloride in be- 
tween 25 mol per cent tto 85 mod per cent 
conversion per pass, eg., 60 mol per cent 
conversion per pass. 70 

The product mixture from cracking zone 
22 is passed to distillation zone 19 by means 
of hue 17. It is to be understood that distil- 
lation zone 19 may comprise one or more 
separate fractionating steps performed in one 75 
or several columns. Vaporous hydrogen 
chloride is withdrawn in fine 26 from the 
distifction zone and recycled to regenerator 
4, together with dilute hydrogen chloride 
feed entering dine 26 from valved feed line 80 
28. Unconverted dicMoroethane is withdrawn 
from zone 19 by line 23 and recycled to 
cracking zone 22, while vinyl chloride pro- 
duct is withdrawn from zone 19 by means 
of fee 29 as the product of die process. 85 
The hydrogen chloride separated in distil- 
lation zone is withdrawn at a rate of 1 
mol per moil of l^^chloroethane reacted 
Make-up hydrogen chloride feed and hydro- 
gen chloride from zone 19 is passed to zone 90 
4 (with an acid concentration of between 22 
weight per cent and 35 weight per cent (e.g. 
33 weight per cent acid concentration). Air, 
at a trate of 2.5 sram mols per liter of 
catalyst per hour is introduced into regener- 95 
ator 4 by means of valved line 30 and the 
oxygen in the air reacts with the dilute 
hydrogen chloride and cuprous chloride to 
produce oupric chloride. This regenerates the 
cupous-cupric chloride catalyst to its 100 
original activity. In opanating this process, 
the and ratio of cupric cMoride to cuprous 
chloride should 1 not be permitted to fa'H to 
ithe point where cuprous chloride predpita- 
acn can cause fouling in the apparatus. The 10? 
spent catalyst is mtroduced into regenerator 
4 at a (rate of 2.3 volumes per volume of 
catalyst in reactor 3 by means of line 32. 
The regenerator is operated at a tempera- 
ture of from 130* <1 to 150° C. under from 110 
125 p^jg. to 120 p^xg. or at approxi- 
mately reactor conditions; in the present case, 
at a temperature cf 150° C under 125 
p.s.i.g. The regenerated cupric^cuprcais 
chloride aqueous solution, the concentration 115 
cf which is adjusted by the water content 
of dilute acid from dine 28, is then recycled 
to (reactor 3 by means of line 7 through 
spray heads in the upper part of the tower 
and inert gases such as, for example, nitro- 120 
gen, and argon which enter the system in 
die air feed stream are vented to the atmos- 
phere from the top of the regenerator through 
valved line 34. 

•Afthougji die above process utilizes an 125 
aqueous cupri-cuprous chloride catalyst to 
produce 1,2-dicMoro ethane as an inter- 
mediate and vinyl chloride as tan end pro- 
duct, it is (to (be understood that an aqueous 
cupric-cuprous bromide catalyst, an aqueous 130 
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cdCTc-ferric chloride catalyst or a fenric- 
chrocnic chtaide catalyst or any of ribe above- 
mentioned catalyst systems can be substi- 
tuted on the above desecration to produce 

3 die corresrxmding l,2ndinaleetnane as an 
fljitemneddaite and, if desired!, die conrespond- 
4ng vinyl haMde as die end product In the 
case of btomide catalyst systems, however, 
Hydrogen bromide in place of the hydrogen 

W diioride is used to regenerate (Che bromide 
catalyst systems in regenerator 4. It is dso 
to be amderstood tte vinyl chloride can foe 
rabstknted for ethylene in (the preceding 
description modi any of the aboveninentkmed 

5 catalyst chloride systems to produce 1,1,2- 
^chlaroediane, as an intermediate and vinyit- 
adene cMoride as die end pr odu ct. 

Figure 4 of tbe dirawings iMustraites a pro* 
cess wherein cModnataon of a bydrocsibon 
catalyst regeneration of die catalyst 
sdution is ^ conducted in the same zone. 
The following embodiment is described in 
reference to cbJozdnataon; however, k is to 
ok te_ qn ^ era °w* ,tnat d» Wbstitntions discussed 
above ore also applicable in dus embodiment 
of die process. 

Ethylene feed entering valved Sine 35 at a 
taite of 1.0 gram moh per liter of catalyst 
solution per bour is passed to Sine 36 

30 wherein it is admixed witbs 2.0 gram mods 
pen boor of aqueous hydrogen cMaride bay- 
ing an add concentration of. 32 weight per 
cent and 9.0 gram mofe per liter of catalyst 
per tour of ethylene (recycle ifirom foe 40 

35 (beremafter described). This mixture is then 
passed into xeactor 37 wbereui, in die pre- 
sence of 0.5 gram mol of rnoleculaiiJ oxygen 
per liter cf catalyst entering zone 37 from 
vrdved line 38, the ethylene is reacted widi 

40 cupdc chloride of an aqueous 7 Molar CuQ a 
—2 Molar OuQ catalyst. The (temperature 
in the reaction zone is maintained at 160° 
C. and 300 p^i.g. is imposed on die mix- 
(Cure in zone 37. By maintaining the above 

45 amount of molecular oxygen and hydrogen 
chloride in this zone, the concentration of 
cupcuc chloride is maintained at a steady 
state and a 10 per cent conversion of ethylene 
to cfekjdnated product,, of which more dian 

50 90 weight per cent is 1^-dichiIoroedKne, 
is obtained as a gaseous effluent on admixture 
mm unconverted edryiene. 

Tbe Gaseous effluent is withdrawn by 
means of fee 42, passed to condenser 44 

55 and die resulting condensate introduced into 
decantiadon zone 46 wherein* at a .tsmioera- 
ture of 40° C. under 95 o.s.i.^., unconverted 
emyfene gas is separated dn'Mne AS from 
bquid 1^-dicMorce.tbane. Wiator is with- 

ou drawn as a separate fouid pbase in line 
43 and* (removed firom the process, 
.The ethylene gas which is witihdrawn 
torn zone 46 in (line 48 is pressured in 
pump 50 and' recycled to die reaction zone 



37 by means of fines 40 and 36 as fcereht- 65 
above described 

Tbe jHquad j^^dicMonretbane: is wkbdrawn 
from decantadon zone 45- by mmpgnrc of (line 
52 and passed to cracking zone 54 wherein 
at a temperature of 550° C under 50 ptoi.g:, 70 
l^-<Hchjkjroediane is converted: to vinyl 
chlonide and hydtrogen chtacde in 60 mod 
per cent per pass. The cracked' mixture- is 
then passed by means of foe 59 to distil- 
lation zone 41- wherein -tbe components of 75 
the: cracked mixture ate separated Hydrogen 
chloride is wMidrawn as a vapor in feme 36 
and lecyded to (reactor 3-7, together with 
etbyiene feed entering line 36 <firom vaived 
Mne 35, and dfcte fiydrogen chloride feed 80 
(20 — 35 weight per cent) entering" Sine 36 
from vaived line 60. UncorwertecVfiquid 1,2- 
dicbloioediane & withdrawn from zone 41 
and recycled to zone 54 by means of" iine 
58 'and: the vinyl chdoride is recovered from 85 
zone 41 as the product of die nirocess by 
means of line 45. The dates hydrogen 
chtarade introduced into -line 36 serves to 
maintain required hydrogen chietride feed 
to tbe reactor. The concentration of (the 90 
hydaogen chloride is varied to maintain" She 
watou balance on die (reactor; 

Many moderations of the above-desdr&jed 
emibodimerfts afcstratei in Fdgfures J dmragib 

4 fwiil become apparent to those skiHed in 95 
■ 1 ^- J For example, any of die previously 

disclosed promoters, patdcntolv Fed 
CrO s , Bfeft AK3 S , Ti^, VO a and MnClI 
can be substituted for cuprous chloride in 
the above catalyst system:' It is afeo to be 100 
understood in process using gaseous hydro- 
catibon drat die (hydrocarbon or baJogena/ted 
bydjocadbon may be passed ithraugjh die 
aqueous catalyst solution or the aqueous cata- 
lyst can be sprayed dirougb die gaseous 105 
hydrocarbon phase. Tbe examples which 
foipw are set forrih to show the effect of 
•various concentrations in the catalyst system 
and to provide examples of other- hydro- 
carbons which may be halogena/ted" according 1 10 
to the teachings of this process. However, 
tfbese examples should not be construed* to 
fl&mt the scope of the present invention. 

Example 1 

Into a dtarnnm-lmed metal reactor con- 115 
•teining 1 fliter of an aqueous' mixture of 
7 -M CuGk and' 0.5 Cud was aidded 350 
standard ctfs per minute of ethylene at a 
temperature of 150° C. 'under a total pres- 
sure of 300 p.si^g. Under these conditions, 120 

5 mol pen cent of ethylene was converted 
to l^ndicMorcethane at a selectivity of greater 
mm 98 mol per cent The remaining por- 
aaon of die mixture was found to contain " 
ethyl cMonde, <unreacted etbylene and 125 
water. 

Example 2 
Two separate glass reactors, the first con- 
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v tainmg- an aqueous solution of 5 M CuCl 3 
and 0.5 M CuQ, and the second contain- 
ing ab aqueous solution of 7 M OuCt and 
1.0 M. OuQ, are froth maintained at a ten> 

5 pemiture "of 160° C Propylene as passed 
ahsoough each of the above solutions at a 
partial pressure of 100 p.si. In (the first case, 
l^-^iichloiopropane is produced an a 1 anol 
per cent conversion to l^Hdk±faopropane. 

10 In die second case, about 2 trnoi per cent 
conversioii $o l^dacMoropropane ds obtained. 
This product can be subjected to pyrrilysis no 
yield cMoiqpicpenes, if desired. 

Example 3 

15 Into a glass reactor containing 1 Hrer of 
Btt aqueous mixture of 7 M CuO* and 0.5 
M OuGt is added 350 standard cc*s per 
minute of etfayfene at a temperature of 150° 
C. The partial pressure of "ethylene an Che 

20 ieacmr is" 120 p-slg. A conversion of 3 anal 
per cent per pass to l,2^chloroethane is 
obtained 1 . The selectivity of chJoflmated pro- 
duct (to l^dicMoixjetJrane is •about 98 per 
cent. 

25 Example 4 

Into a glasstMned autoclave contiaining 40 
ml. of aqueous solution of 7 M CuCOg and 
0.5 M OuO as added 0.056 mots of benzene. 
The rtenrperature in die reaction zone ds 

30 adjusted to 190° C. and "the -reaction: is 
allowed to take place over a period of 18 
hours, after which die autoclave is cooled 
to tmibient flemperature. Upon opening (the 
cooled autoclave, it is found that the (benzene 

35 layer has disappeared and chloidnated (ben- 
zenes are produced in about a 10 par cent 
yield. 

Example 5 
To 3 (titers of aqueous 7 M CuOr-1 M 

40 Gud catalyst contained in a glass-lined pres- 
sure vessel, is passed 4.6 nrak of ethylene 
per hour, at a "temperature of about 150° 
C and a total pressure of 300 p.slg . Under 
aihese conditions, 15 uroi per cent of the 

45 ethylene ds converted per pass to 1,2-dfcihIoro- 
ethane with a selectivity for the 1,2-dicHoro- 
ethane greater than 98 per cent. 

The catalyst is anaintarned an the steady 
state 'by the addition of 1 3 8 mote of hydrogen 

50 cMordde and 0.345 mols of oxygen per hour. 
Water is added to replace that which is tost 
to (the system due (to carry over (with the 
effluent vaporous mixture ccflrtaining product 
which, is removed from the reaction zone. 

55 The effluent ds cooled ao condense the 1,2* 
dicMoroethane, white the remaining vaporous 
innconverited ethylene ds recycled (to due ire- 
action zone. The reaction taking pfeoe in 
this stage of die iprocess as represented by 

60 die following equation : 

l 2QH 4 +4Ha+Or^2qjH 4 O 2 +2H 2 0 
The condensed dicMoroethane is cracked 
to vinyl cMcride and hydrogen chloride at a 
(tmiperataire of 550° C. under 20 p.si^go and 



the hydrogen chloride as used in the re- 65 
generation spent catalyst. Thus, the overall 
(reaction of die entire process is represented 
by the following equation: 

2C 3 H 4 +0 2 +2HO-^QH 3 a+2H 2 0 

Example 6 70 
To a ceramic4ined (reactor containing 5 
liters of an aqueous catalyst consisting of 
1.1 M Ond. and 4.5 M FeCl a is added 
7.6 mods ©f ethylene per hour. At a tem- 
perature of 150° C. and a (total pressure of 75 
300 p.sijg. A 25 anol per cent conversion 
per pass of ethylene (to l^^cMoroerhane 
is obtained During die course of an hour, 
about 30 per cent of the catalyst is removed 
from die reaction zone per hour and .trans- 80 
f erred to a separate regenerator wherein 3.8 
mols of hydrogen cMorade and 9.5 mole of 
air are admixed with die spent catalyst and 
the catalyst regenerated. 

Since the heat of reaction generated in the 85 
reactor and the regenerator is more than 
sufficient to allow for adfabatic operation, 
dilute aqueous hydrogen chloride (a 32 per 
cent solution) is fed to (the •regenerator along 
with concentrated hydrogen chloride obtained 90 
from a laser stage cracking of 1,2-dichloror 
ethane, which cracking ds canrded out in 
accordance with Example 5. Under flhese 
conditions, water canied into die regenerator 
is vaporized and canrded out of the system 95 
together with inents such as nitrogen and 
argon which enter die regenerator on the air 
feed. These vapors are vented to the atmos- 
phere, while the regenerated liquid catalyst is 
irecycled to (the reaction zone. 100 

The effluent gas mixture [withdrawn from 
the reactor, containing l,2KHehloaoediane, 
water, and unreaoted ethylene is cooled to 
condense only the 1,2-dicMorcethane and 
water. The remaining vapor as then recycled 105 
(to the reactor. The l^^cMoroethane is 
cracked at & (temperature of 550° C. under 
25 p.5Xg. (to yield vinyl chloride and 
hydjOgen chloride. 

Example 7 HO 
Ethylene was passed through 1 liter of 
an aqueous 1.1 M. CuCk— 4.5 M FeC3 3 
solution contained in a glass reactor at a 
rate of 1.9 mols per hour. At a tempera- 
ture of 150° C. under 300 p.s.ig., 4 mol 115 
per cent of the ethylene was converted per 
pass (to l^^cMoroethane. The selectivity 
to (the cUcMoroethane was 95 per cent. 

The salts da the above catalyst combina- 
tion reduce die water) vapor .pressure of the 120 
system to about 45 per cent tiiat of pure 
water. This reduction in the vapor pressure 
of water is important in that the system 
as adiahadc at die reduced pressure and at 
a lower conversion per pass than that per- 125 
missible with a higher catalyst vapor pies- 
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sure. This effect is demonstrated in Figures 
1 and 2 referred to above. 

Example 8 
Into an acid brack imed metal reactor con-. 
5 taamng 1 liter of 3.75 M CuBr*— 1.0 M 
GuBr is .passed QH 4 at a rate of 1.6 mols per 
hour, lie total pressure oven die system is 
300 p.s.i.g. and die temperature 13-5° C 
The conversion to l,2dibioanoetihane is 2 
10 m©l per cent .per pass with selectivity da 
excess of 90 per cent. 

Example 9 
To 3 'inters of aqueous 6 M Fe0 3 — 1 M 
MnQj catalyst contained in a glass-lined 

15 pressure vessel, as (passed 4.6 mack of ethylene 
per hour. At a iterqperatiiire of about 160° 
C and a ttjotai pressure of 300 us.ig. Under 
fihese conditions, 15 mol per "cent of the 
ethylene is committed per mss to 1,2-di- 

20 chJoroethane with a selectivity for the 1,2- 
cHcMoroethane greater than 90 per cent. 

Example 10 
Ethylene is passed through 1 &ter of an 
aqueous 6 M FeO a — 1 M CrCl 3 solution 
contained in a gjass reactor at a rate of 
1.9 mols per Ihour. At a temperature of 
160° C under 300 p.si.g., 4 mol per cent 
of the ethylene is converted per pass to 1,2- 
dicMoTcethane. He selectivity (to the di- 

30 chitaroettane is about 90 per cent. 

^ The sate in die above catalyst carabdna- 
tion ireduce the •water vapor pressure of the 
system to about 45 per cent ithat of pure 
water. This reduction" -in the vapon pressure 

35 of iwater ds important in ithat the system 
is adiaibatic at (tie reduced pressure, and' at 
a lower conversion per pass. 

Example 11 
Into a iglass reactor containing 1 liter cf 
40 aqueous 6 M Fefir 3 is passed QH 4 at a 
rate of 1.6 mob per hour. The (total pres- 
suae over the system ds 300 p.5.i.:g. and the 
temperature 165° C. The conversion to 1,2- 
d^bronwjethane is 2 mol per cent per pa 
45 with selectivity in excess of 80 per cent. 

Example 12 
To a glass reactor containing 1 liter of. 
aqueous 6 M ferric chforide was passed 
ethylene igas at a " rate of 1.7 mods per 
50 hour. At 165° C, and a total pressure of 
300 p.si^g., the conversion per tpass of 
ethylene was 0.7 mol per cent mil a 50 
per cent selectivity to l^rdk^rfoioetihane 
and a 50 per cent selectivity lb ethyl chloride. 

55 Example 13 

To a' glass reactor contaimng 1 Mter of 
aqueous 6 M FeGr 3 was passed ethylene 
gas at hi rate of 1.2 mote per (hour at 150° 
C. and at a total pressure of 300 p^i^g. lire 



convertsion of ethylene was 2 mol per cent 60 
per pass. The pcoduct distribution was 95 
per cent to ethyi chloride and- 5 per cent 
to l,2^cMorrjsthane. 

Example 14 
To a glass ireactor comaimng I diter of 65 
aqueous 6 M FeG^.l M 0r0 3 was passed 
ethylene gas tat a rate of 1.3 mods per hour. 
At 165° C, omder a aotal pressure of 300 
P-su-go the conversion of ethyfene was 4.5 
mol pen cent per pass. The selectivity was 38 70 
per cent with respect to 1,2-ddeMoroethane 
and 62 per cent with respect to ethyl 
chloride. 

Example 15 
To a glass reactor containing 1 liter of 75 
aqueous 6 M FeGl 3 — 1 M 2nO a is passed 
1.3 (mob of ethykne per hour. Hie tem- 
perature is 175° C. and (the total pressure 
ds 300 psAjg. The conversion of ethylene 
is ^2 niol per cent per pass and l^dacMono- 80 
-^-ie is narottfaced m a, yieM above 50 per 



cent of the cMorinated product mixture. 

Example 16 
To a glass reactor containing 1 iker of 
aqueous 4 M FeO,— 2 M QrQ 3 is passed 85 
L3mois of ethylene per hour. The tem- 
perature is 160° C. and' the total pressure 
is 300 p.s.i.g. The conversion of ethylene 
ds 3 moll pern cent per pass and l^^chforo- 
ethane ds more than 50 per cent cf the 90 
cMormated product. 

Example 17 

To a gjass reactor containing 1 [liter of 
Bqueous 3 M FeO,— 3 M ZnQ 3 is passed 
1.6 m ate of ethylene per hour. The (tern- 95 
petature is 160° C and the total pressure 
as 300 p.sig: The conversion of ethylene 
ds 3 mol per cent per pass and the selec- 
tivity to l,2ndicMoroerhane is about 90 per 
cent, 100 
Example 18 

To a glass treaotox containing 1 Jiter of 
aqueous 6 M FeO, and 1 M ALO* is 
passed 0.6 anoi of propylene tier hour. The 
.temperature is 160° C and -the total pres- 105 
sure is 300 p.sijg. The conversion of pw>- 
(pylene is 1 .per cent' per pass and the selec- 
tivity to l^^d^opropane is SO per cent. 

Example 19 
"To a (gkss-ldned autoclave containing 1 110 
diter of aqueous 6.6 M FeOa is added 0.5 
tmot of benzene. The [temperature is raised 
to 190° C. and feeld there- for 16 hours. 
The conversion; of benzene is 50 per cent 
to mono- and dicMdrinated benzene. 115 

Example 20 

To a fgte-lined reactor containing 
aqueous 4 M FeCt^ — 1 M TiC^ & 
1 mol of' butadiene per hour. The tempera- 
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cure is 160° C. and ithe total pressure is 
200 p.si.g. The conversion per pass to di- 
chloronated product is about 1 mol per cent. 

Etamptjf. 21 
5 To a ceramic-lined (reactor containing 5 
liters of an aqueous catalyst solution ccn^ 
sisting of 7 M GuCk and 0.5 M OuGL is 
added 7.6 snois of vinyl chloride per hour 
at a tenmerature of 170° iG. end a total 

10 pressure of 350 p.sxg., a 30 mol per cent 
conversion per pass of vinyl chloride to 
1 y l,2^tmcMaroetliane is obtained. During the 
course of operation* a portion of the catalyst 
is removed drom the reaction zone per tour 

15 and transferred to a separate regenerator 
wherein 4.5 mols of hydrogen chkaade ami 
1.12 niols of oxygen are reacted pen hour 
to regenerate 4.5 mols of cuprous" chloride 
to cupric cMoride. Hie solution so regener- 

20 ated ds recycled to the reactor -to maintain 
the steady state composition. 

The effluent gas mixture (withdrawn from 
the reactor, containing l,l,2^cHorcerihane, 
water, and unreached vinyl chloride is cooled 

25 to condense out the 1 , 1,2-tricMoroethane and 
water. The remaining vapor is (then recycled 
to the reactor. Hie 14>2^iricMorcethane ds 
heated to a temperature of 500° C under 
50 pisi.g. to yield vinyiidene chloride in 

30 admixture with ihydrogen chloride. The 
vinyftdene chloride product is recovered by 
distniilatEon. 

WHAT WE OLAIM IS : — 

1. A process tfor polyhalogen airing an un- 
35 substkuted or halogen-substituted hydro- 
carbon containing at least one hydrogen atom 
of tihe olefinic or aromaticaMy ^saturated 
type which comprises {reacting (the hydno- 
carbon with an aqueous composition comprise 

40 ing an aqueous solution of cupric halide or 
ferric halide and as a (promoter at feast one 
halide of a dissimilar element, or a dis- 
similar valence state of tihe same element, 
said dement being copper, silver, jgcM, zinc,' 

45 cadmium, mercury, boron, aluminum, gal- 
ilium, indium, thallium, tEtamum, zuflcorufiirn, 
j hafaju m, vanadium, niobium, tantalum, 
chromium, molybdenum, manganese, tungsten, 
iron, tin, bismuth, cobalt, or nickel, .the 

50 concentration of the total haMdes an aqueous 
sclirtrou being between 0.001 mol per cent 
and 50. mol per cent. 

2. A process according to daim 1, in 
which ithe hydrocarbon is ethylene, thehalides 

55 of (the catalyst composition are chlorides 
and (the addition product is 1,2-dicMoro- 
ethane. 

3. A process according to claim 2, in 
winch the 1,2-c^cHorcerhane produced is 

60 subjected to a temperature of (between 440° 
C and 580° C to produce vinyl chloride 
as (the product of die process and hydrogen 
chloride as © by-product, the activity of the 



chloride catalyst mixture being maintained 
by passing by-product hydrogen, chloride 65 
through the aqueous catalyst mixture in the 
presence of oxygen. 

4. A process according .to daim 3, in 
which die hydrocarbon is vinyl cMoride, 

(the haiides of the catalyst composition are 70 
chlorides and the hydrocarbon addition pro- 
duct is 1,1^-tncMoroerhiarie. 

5. A process according to daim 4, wherein 
l,l,2r^chlDroerhane produced ds subjected 

to a (temperature of between 380° C and 75 
600° C to produce vinylidene chloride as a 
pnoduct of the process and hydrogen chloride 
as a by-product, (the activity of the chloride 
catalyst mixture being maintained by passing 
byr-product hydrogen chloride through the 80 
aqueous catalyst mixture dn the presence of 
oxygen. 

6. A process according to claim 3 or 
5, wherein the halogenation of the hydro- 
carbon and (the itreatrnent of catalyst solu- 85 
don with hydrogen chloride in the presence 

of oxygen are performed simultaneously in 
sthe same zone. 

7. A process according to claim 3 or 5, 
(wherein ithe halogenation of the hydrocarbon 90 
and (the treatment of the aqueous catalyst 
solution with hydrogen halide in the presence 

of oxygen are conducted in separate zones. 

•8. A process according to daim 7, where- 
in the concentration of ithe catalyst com- 95 
(position in water ds adjusted by dilution of 
ithe hydrogen halide feed stream -to the 
catalyst treating zone. 

9. A process according to any one of (the 
preceding daims, in which die concentration 100 
of the total metal halides in aqueous solu- 
tion is between 10 mol per cent and 30 
mol per cent. 

10. A process according to any one of 

ithe preceding claims, wherein nhe mcl ratio 105 
of cnprde halide or ferric halide .to promoter 
dn the catalyst composition is between 0.01 : 1 
and 100:1. 

11. A process according to claim 10, in 
which thermal ratio of cupric halide or ferric 110 
halide -to r/rornoter is between 0.1:1 and 
10:1. 

12. A process according tto any one of 
claims 1 to 11, in which the catalyst com- 
position comprises cnpric-cuprous halide dis- 115 
solved in water. 

13. A process according to claim 12, dn 
which cujptic-cupnKsus ihaiHde is cupric-cuprous 
chloride. 

.14. A process according to any one of 120 
claims 1 to LI, in which the catalyst solu- 
tion comprises ferric-<hromic halide dissolved 
in water. 

15. A process according to any one of 
daims 1 to 11, in (which cuprac^enic halide 125 
is dissolved in water. 

16. A process according to any one of 
daims 1 to 11, in which the catalyst com- 



position, comprises an aqueoois sotefan of 
oipric drioidtfe sod a chiouide of Ou + , 
titaimimj tm, •bisnmitih, dmamnuni, afaxtHMim, 
vanadium, zinc, mercury, ikorj, cobalt, molyb- 
denum or nickel or mixitures thereof. 

17. A process for ptjtyhalogenadng an in> 
substituted or haicgen-sut^.tniited hydro- 
carbon substantially as heron desanrbed with 
reference to Jibe Examples. 



1=8. A hdogenated hydrocarbon produced 10 
by tbe process acoomdk^ <to any one of the 
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